Canine parvovirus type-2 (CPV-2) is a DNA virus that causes a very common worldwide diffused infectious disease in dogs. Since its appearance, the CPV-2 evolved generating novel genetic and antigenic variants (CPV-2a/2b/2c) which are distributed throughout the world. In the present study, the frequency of CPV-2 in a canine population in Sicily (Italy) was investigated, using a polymerase chain reaction (PCR) for a fragment of the VP2 gene. Out of a total of 673 samples from 370 dogs, submitted to the laboratory from July 2009 to August 2015, 265 samples (39.38%) were positive and these were further analyzed by restriction fragment length polymorphism (RFLP) and DNA sequence analysis. A high prevalence of the CPV-2c variant (79.56% of CPV-2 positive dogs) was observed in this survey, underlining that this type of CPV fi eld isolate is prevalent circulating in Sicily. Sequence and phylogenetic analysis showed a close relationship with CPV-2a and CPV-2c strains from Europe and non-European countries. Considering that CPV-2c is reaching a worldwide distribution and that this variant is also affecting vaccinated dogs, efforts should be made towards the development of new CPV vaccines.
INTRODUCTION
A variety of infectious diseases can affect the dogs and their adverse effects on health have been repeatedly documented [1] [2] [3] . Canine parvovirus (CPV) causes a very common worldwide diffused infectious disease in dogs. This agent is highly pathogenic and contagious and it is one of the leading causes of disease in farm, kennel and shelter dogs. Even if the main clinical manifestation of CPV infection is gastroenteritis, this virus also causes a systemic infection. CPV is a small nonenveloped single-stranded negative-sense DNA virus, member of the genus Parvovirus, family Parvoviridae. The genome is of about 5200 nucleotides (nt) in length and has two open reading frames (ORF) that encode for non-structural (NS) and structural viral proteins (VP) [4] . The CPV capsid is a 25 nm diameter icosahedron made up of a combination of two proteins, VP1 and VP2, formed by alternative splicing from the same RNA [5] . Two genetically and antigenically distinct CPVs are known: CPV-1 and CPV-2 [6, 7] . CPV-2 is the cause of a very serious and often fatal hemorrhagic gastroenteritis especially in dogs up to 1 year of age. Rarely, this serotype can cause fatal myocarditis in very young puppies less than three months of age. CPV-2 belongs to the genus Parvovirus, along with feline parvovirus (FPV), feline panleukopenia virus (FPLV), raccoon dog parvovirus (RDPV) and blue fox parvovirus (BFPV) [8, 9] . These viruses show a very similar genome up to 98% [10] and it is possible to distinguish them genetically from canine parvovirus type 1 (CPV-1), which causes neonatal death in puppies [11] [12] [13] and latent infection in older subjects.
Over the years CPV-2 has evolved and new variants appeared: CPV-2a, CPV-2b [14] [15] [16] [17] .
The new antigenic variant CPV-2c has been reported in Italy for the fi rst time in 2001 [18, 19] and since then it has also been identifi ed in other countries [20] [21] [22] [23] [24] [25] .
Indeed, although these single-stranded viruses have a DNA genome, their rate of nucleotide substitution is closer to that of RNA viruses than to that of doublestranded DNA viruses. Infected dogs shed viruses in feces for a long period (40 days); so, the fecal contagion is the most diffuse way for maintaining the infection. The use of proper vaccination is a precious help in controlling this disease.
In the last years, the methods for DNA-based analysis showed an increasing importance in veterinary diagnostics [26, 27] because of their high sensibility and specifi city. The main molecular diagnostic methods utilized are: Polymerase Chain Reaction (PCR), Real-Time PCR and quantitative Real Time PCR (qPCR). The aim of the study is to report the results of an epidemiological investigation on canine parvovirus circulation in a large dog population in Sicily by molecular assays, as rapid and highly accurate diagnostic tools.
MATERIAL AND METHODS

Samples
Clinical specimens were collected in the Virology Laboratory at Istituto Zooprofi lattico Sperimentale della Sicilia "A. Mirri" (Sicily, Italy) and were examined for the detection of CPV-2. The samples had been submitted from July 2009 to August 2015 for testing of different canine viral pathogens and stored at -80°C until analysis. The study was conducted on 673 samples derived from 370 living and dead dogs, which had suffered from gastrointestinal disorders. The dogs enrolled in this study came from veterinarian clinics and kennels, both public and private and they were heterogeneous for age, sex and breed. Informed consent has been obtained for client-owned animals included in this study. Blood samples, swabs and stool samples were taken from 224 live symptomatic subjects, while tissue samples such as intestine, lymph nodes, liver, spleen and heart were taken from 146 dead patients.
Blood sampling: Blood samples were collected via jugular or cephalic venipuncture into EDTA tubes. The samples were then stored at 4ºC and analyzed within 24-48 hours after collection. Biomolecular analyses were carried out on 100 μl of sample by means of nuclease-free tube.
Fecal samples and rectal swabs: Stool swabs received at the laboratory were chilled (4°C) in a suitable transport medium (Minimum Essential Medium Eagle (EMEM), Lonza, BioWhittaker, VWR, Pennsylvania), supplemented with antibiotic and antifungal drugs (1000 U/ml penicillin G sodium salt, 1 mg/ml streptomycin sulfate, 2.5g/ ml amphotericin B; PAA Laboratories GmbH, Austria). Test tubes, hermetically sealed within 24-48 hours after collection and stored at 4ºC, were used. Fecal samples were also transported after being stored at 4ºC and after arrival at the laboratory they were homogenized (10% w/v) in the same above cited transport medium. Later, 200 μl of experimental material were put in a nuclease-free tube, in order to carry out biomolecular assays.
Organs: An organ was considered suitable to be analyzed when it reached the laboratory in appropriate airtight containers, with no signs of deterioration or decomposition, cooled (4°C) or stored at -20ºC/-80ºC. Biomolecular assays were carried out on 25 mg of homogenized and processed sample, as recommended by the extraction kit instructions.
Laboratory analyses
In order to identify the presence of CPV-2, all samples were assessed by means of biomolecular analysis. The isolated viral strains were characterized by PCR based Restriction Fragment Length Polymorphism analysis (PCR-RFLP) and sequencing.
Biomolecular assays
DNA extraction and PCR amplifi cation:
The extraction of DNA was carried out, according to the manufacturer's instructions (DNeasy Blood & Tissue Kit ® , Qiagen Inc., Hilden, Germany). Two PCR assays specifi c for VP2 capsid protein were used in order to search for CPV-2. The procedures of amplifi cation were performed using two pairs of primers targeting two different regions of the VP2 gene, which gives rise to two amplifi ed products of distinct size ( Table 1 ). The fi rst pair of primers consists of primers indicated by the abbreviation 555for and 555rev, respectively [18] . The second pair is indicated by the abbreviation VP2-850-Forward and VP2-1550-Reverse [23] . The PCR reactions were performed using a commercial kit (Go Taq DNA Polymerase, Promega Corp. Madison, WI) in a fi nal volume of 50 μl, containing: 10 μl of 5X buffer, 0.25 μl (1.25U) of DNA Polymerase, 1 μl of 25 mM MgCl 2 , 1 μl of 10 mM deoxynucleotide triphosphate (dNTP) mixture (dATP, dCTP, dGTP, dTTP), 0.5 μl of each primer (50 μM), 31.75 μl of Nuclease-free water and 5 μl of DNA. The thermal conditions consisted of 1 cycle of denaturation at 94°C for 1 min and 40 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 1 min and polymerization at 72°C for 1 min, followed by a fi nal extension at 72°C for 10 min. Then, 10 μl amounts of PCR products were detected by 2% agarose gel electrophoresis, and visualization under UV light after bromide ethidium staining. The presence or absence of an electrophoretic band from the by amplifi cation produced DNA fragment was checked. The test was considered valid if the positive control had a band of 583 bp (Primers: "555for" and "555rev") or 700 bp (Primers: "VP2-850-Forward" and "VP2-1550-Reverse"). The negative control showed no band. The sample was considered positive if it showed the same band as the positive control. RFLP analysis: Restriction analysis (PCR-RFLP) was performed on amplicons of 583 bp and 700 bp of PCR positive samples in order to identify CPV-2c strains. For this purpose, the enzyme (MboII enzyme, Promega Corp. Madison, WI) specifi c for GAAGA sequence at 4062-4066 nt of the CPV-2c strain was employed [18, 23] .
Sequencing: One CPV-2 positive sample from 30 positive tested dogs, selected on the basis of different geographical location and origin, were further amplifi ed by PCR using specifi c primers (P1 and VPR) for sequencing (Table 2) , which amplify a region of 1745 bp inside the VP2 gene [7, 28, 29] . The PCR reaction was performed with a commercial kit d in a fi nal volume of 50 μl containing: 10 μl of 5X buffer, 0.25 μl (1.25U) of DNA Polymerase, 1 μl of 25 mM MgCl 2 , 1 μl of 10 mM deoxynucleotide triphosphate (dNTP) mixture (dATP, dCTP, dGTP, dTTP), 1 μl of each primer (20 μM), 30.75 μl of nuclease-free water and 5 μl of DNA. The thermal conditions consisted of 1 cycle of denaturation at 94°C for 2 min and 40 cycles of denaturation at 94°C for 30 s, annealing at 45°C for 2 min and polymerization at 72°C for 2 min, followed by a fi nal extension at 72°C for 10 min. Then 10 μl amounts of the PCR products were detected by 2% agarose gel electrophoresis and visualization under UV light after bromide ethidium staining. Finally PCR products were purifi ed (IllustraÔ GFX PCR DNA and Gel Band Purifi cation Kit, GE Healthcare Life Sciences, Amersham Place Little Chalfont Buckinghamshire, UK). The purifi ed amplicons were sent with 2 primers reverse (VPR and 41-FOX2) ( Table 2 ) to a commercial fi rm for sequencing, as previously reported [29, 30] . According to an overlapping strategy, sequences were assembled using BioEdit ver 7.2.5 software [31] . Assembled nucleotide sequences were submitted to the BLAST program (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to search related sequences in GenBank. Nucleotide (nt) and the deduced amino acid (aa) sequences were aligned. Multiple sequence alignment analysis with sequences retrieved from GenBank was performed (ClustalW, Conway Institute UCD, Dublin). Phylogenetic analysis based on the partial length VP2 gene sequences was performed with MEGA5 software [32] using the Neighbor-Joining method, according to the substitution model Tamura 3-parameter with a discrete Gamma distribution (+G) (bootstrap 1000 replicates). In the construction of the phylogenetic tree, homologous sequences have not been included. 
Virus isolation
All specimens PCR-positive for CPV-2 were processed for the virus isolation and inoculated on permissive cell lines A72 (Canine tumor) [33] . A72 cells were grown using a medium (Minimum Essential Medium Eagle (EMEM), Lonza, BioWhittaker, VWR, Pennsylvania) supplemented with 10% fetal bovine serum (Fetal Bovine Serum, EuroClone S.p.A., Pero (MI), Italy) and an antibiotic and antifungal solution (100 U/ml penicillin G sodium salt, 0.1 mg/ml streptomycin sulfate, 0.25 g/ml amphotericin B; PAA Laboratories GmbH, Austria). The samples were homogenized (10% w/v) in the same previously mentioned transport medium. Extracts were used to inoculate cell monolayers in the mitotic phase, left in contact for 30 min at 37°C and 5% CO 2 . Culture medium was added and the incubation was performed at 37°C and 5% CO 2 for 6 to 7 days, reading every day; another two blind passages were performed if the cytopathic effect (CPE) was not observed. Then, monolayers were subjected to three cycles of freezing-thawing, centrifuged at low speed (1.500 x g for 10 min at 4°C) and the supernatant was tested for parvovirus DNA by PCR assays and immunofl uorescence, to confi rm the presence of the infectious virus.
Direct Immunofl uorescence Assay:
For the immunofl uorescence test each sample was inoculated on a glass chamber slide with A72 cells in mitotic status using the EMEM medium. Incubation was performed at 37°C and 5% CO2 for 1-4 days, reading every day. After this period the medium was eliminated, the chamber was moved and the slide was dried. Then it was fi xed with acetone at -20°C for at least 30 minutes. Thereafter the slide was stained using specifi c monoclonal antibodies against CPV (VMRD, Inc., Pullman, WA, USA) in accordance with the manufacturer's instructions.
RESULTS
Blood and stool samples, rectal swabs and tissues derived from tested animals were analyzed by means of PCR. Positive PCR amplifi cation (Figure 1 and 2 ) was obtained for CPV-2 in 265 of the 673 fi eld samples, corresponding to 137 out of 370 dogs. CPV-2 showed a rate of PCR positivity of 39.38% in the samples, 37% of the animals tested. Specifi c fragments for CPV-2c were generated in the 138 PCR products of both CPV-2 assays (555for and 555rev: 500 -80 bp; VP2-850-Forward and VP2-1550-Reverse: 369, 275, 56 bp) by PCR-RFLP (Figure 3 and 4) . The biomolecular Figure  6 ) and confi rmed by immunofl uorescence (Figure 7) . Other viral agents from the CPV negative specimens were recovered. 
DISCUSSION
Biomolecular methods for the diagnosis of viral diseases allow obtaining a genetic characterization of isolated virus strains that represent a primary step to increase our information about the viral circulation, also providing a more detailed knowledge of viral circulating subtypes. These data are very important in order to perform a correct vaccination strategy, also considering the great ability of viruses in evolving. Viruses as CPV have a high capacity of recombination and evolution, and some subtypes are capable to cause diseases in different species, through cross-species infection [34, 35] . So, a close monitoring of the virus circulation into an animal population by molecular techniques could be a useful system for the protection of public health, both human and animal.
The use of RFLP and sequencing allows the discrimination of the subtypes of a studied virus, distinguishing for example vaccine strains from wild type strains. Currently licensed vaccines widely used for the control of parvovirosis in Italy are modifi ed live virus (MLV) vaccines based on the original virus type CPV-2 and on the CPV-2b type. Despite the intramuscular or subcutaneous route of administration, vaccine CPV strains are shed in the feces [36] . This could interfere with the PCR diagnosis, leading to false-positive results in recently vaccinated animals. PCR analysis combined with the RFLP-test, as applied in the present study, allow to obtain a rapid discrimination of CPV-2c type [16, 18] , not included in current vaccines, from other CPV-2 types. This molecular approach can lead to the exclusion of diagnostic doubts in recently vaccinated dogs tested positive to CPV-2c. Alternatively, a minor groove binder (MGB) probe assay could lead to the rapid discrimination between the vaccine and wild type CPV stains or the use of combined methods [36, 37] . Further typing of positive samples not digested by MboII enzyme could be obtained using mainly two different molecular approaches: the sequence analysis of PCR products or a molecular approach (Real-Time) based on a MGB probe assay [16, 38] . Despite Real-Time assays allow a rapid and unambiguous characterization of CPV-2, sequence analysis additionally leads to discriminate the CPV genotypes and to obtain epidemiological data of wild CPV strains. Additionally it helps to detect any nucleotide/amino acid changes and to obtain the complete genome or gene sequences useful for comparisons trough the sequences database. This approach is supported also by similar studies underlining that in some cases the PCR assays must be related to sequence analysis for a correct identifi cation of variant strains of the virus [16, 18, 21] .
Moreover, it has been reported that DNA viruses such as CPV, likewise RNA viruses, show a high rate of nucleotides during replication [39] . This higher mutation rate, together with non-effective levels of neutralizing antibodies due to an incomplete vaccination, could contribute to the emergence of new viral variants.
In the present study, the main cause of viral enteritis in enrolled dogs was a CPV, specifi cally the recently evolved worldwide subtype CPV-2c. The CPV-2c variant emerged in the south of Italy in 2000 [18] and rapidly spread throughout Italy [40] and all over the world [41, 42] . A large scale study on CPV types collected from diarrheic dogs in Italy in 1995-2005 observed that the CPV-2a and CPV-2c types were the most prevalent (64.73% and 23.43%) in Italy [38] while subsequent epidemiological surveys showed that CPV-2c type became predominant a few years later (CPV-2a: 45.2% and CPV-2c: 50%) [41] . Our results evidenced a different prevalence of CPV-2c type in a long term molecular survey, amounting a higher rate (79.56%) of CPV-2c type among the dog population. The CPV variants coexist in different ratios in dog populations around the world [43] and can vary according to the geographic region analyzed and the time of sample collection [42] . Despite there is likely no strong evolutionary advantage for any of the CPV types [44] , reasons of high prevalence of CPV-2c type in Sicily could involve multiple aspects such as the high resistance of the CPV in the environment, the population immunization rate, the canine movements due to commercial or not-commercial intents, the occurrence of stray dog populations and the long term shedding of CPV after recovery. Despite the current CPV vaccine strains are able to protect against the known CPV-2c variant [45] [46] [47] , due to the high rate of CPV-2c type associated with disease in dogs evidenced in this study, new vaccines using the CPV variants circulating in the fi eld [35] could be suggested.
Phylogenetic analysis evidenced the close connection of VP2 sequences analyzed in the current study with related strains circulating worldwide and together with the recent evidence of the introduction in Europe of a CPV-2c strain from Asia [48] , underline the opportunity of a continuous epidemiological survey trough molecular methods.
In conclusion, the use of accurate diagnostic methods allows the implementation of the information about the isolated virus strains and supports the clinician in achieving prophylactic and therapeutic strategies.
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